Abstract: We theoretically demonstrate that the pump's spatial profile can provide a degree of freedom in tailoring at will the nonlinear dynamics and the ensuing spectral content of supercontinuum generation in highly multimoded optical fibers. Supercontinuum generation is nowadays finding a host of applications in many and diverse fields, ranging from optical coherence tomography, to spectroscopy, frequency metrology, and optical communications, to mention a few. Its widespread use in different disciplines incited a number of efforts in identifying strategies to not only improve the efficiency of the process but also to appropriately tailor its output in the spectral domain. To this end, a variety of materials and structures have been explored [1]. For example, a platform of particular interest is that of photonic crystal fibers that allowed more control over the generated spectrum by manipulating chromatic dispersion and by providing strong energy confinement [2] . Recently, there has been a resurgence of interest in the nonlinear properties of multimode optical fibers [3, 4] . To begin with, their large cross sections, make them ideal candidates in handling orders of magnitude higher power levels and spectral densities. In addition, the presence of hundreds or thousands of modes interacting with each other during propagation provides altogether new degrees of freedom in engineering the generated spectral content by exploiting a great multitude of possible frequency conversion pathways (via FWM, Raman, XPM, SPM, etc.). Yet, modelling these processes in heavily multimoded environments is still a challenge. The approach currently used to simulate optical propagation in nonlinear multimode fibers is based on isolating the evolution equation of a specific spatial mode, by taking into account its coupling to the remaining spatial modes via nonlinear overlapping terms [5] . However, for highly multimoded fibers, this approach quickly becomes cumbersome, and hence only a few modes can be realistically handled numerically during supercontinuum generation.
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To tackle this problem, we have used a generalized Unidirectional Pulse Propagator technique (gUPPE). This method allows us to simultaneously track the supercontinuum generation from more than 200 possible spatial modes in a variety of optical fiber designs [6] . In doing so, we show that the pump's spatial profile can provide a versatile avenue in engineering the supercontinuum generation. Here, we consider silica parabolic multimode fibers, given that they are optimum in terms of minimizing group velocity dispersion, and hence walk-off between modes.
For the task at hand, the gUPPE code is primed to account for several nonlinear phenomena such as self-and cross-phase modulation, four-wave mixing, third harmonic generation, shock-effects, and the Raman-Kerr effect ( , , ). In our numerical computations, we model a MMF with a core radius of and excite it in the anomalously dispersive regime using light. The sizable transverse area of the fiber permits a high spatial mode count on the order of modes. In our simulations the dispersion coefficient of silica fiber is considered to be at this wavelength, and we account for the wavelength dependent index via a Sellmeier series, and include any absorption effects through its imaginary susceptibility. In our system, the front facet of the fiber is excited with an on-axis space-time Gaussian pulse of temporal pulse width and radial size of and input energy . It is observed that after only a few centimeters of propagation, wavelengths ranging from the mid infrared to the visible can be generated; considering a dynamic range (not including pump height), which means that the resulting supercontinuum spans beyond one octave ( Fig. 1(a) ). The evolution of the spectrum along the propagation direction is shown in Fig. 1(b) .
We next consider how the resultant spectrum changes with different initial spatial excitations, at the input of this fiber. Keeping the total energy, pulse width and center wavelength the same as before, we excite the parabolic silica fiber with the following displaced input:
(1) Where is the maximum intensity, , and are beam offsets, and is the transverse spatial width. Here the beam is launched off-axis ( ). It is observed that the modal composition becomes more complicated and no longer retains radial symmetry. In another simulation, the total power is split into two beams each containing with offsets of which reveals even more diverse evolutions. Finally, a ring beam with offset and width is launched giving rise to complicated superpositions of modes. The slightest change in the wavefront's initial spatial conditions leads to entirely different sets of multi-wavelength modal combinations. Because all other parameters are strictly kept identical, any modifications which develop in the spectra will be solely attributable to multimode effects. In Fig. 2 , the integrated spectra at for each of the scenarios described before are juxtaposed. Figure 2 clearly shows as it was expected that a small change in the input beam profile can significantly alter the generated spectral content and spatial distribution of the field. In conclusion, by exploring the effects of supercontinuum generation in a highly multimoded silica glass fiber, we found that variations in the initial spatial conditions can lead to appreciable differences in both the spatial and spectral domain-that could be useful in implementing tunable optical sources.
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